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(54) DYNAMO-ELECTRICAL MACHINE

(57)  Anovel dynamo-electrical machine is provided
that can inhibit an increase in the height of a coil end
positioned toward a turn portion and improve the cooling
performance around the turn portion of a segment coil.
A segment coil 31 includes a first linear portion 34r, a
second linear portion 34a, and a turn portion 33 including
a top portion 33c. The first linear portion 34r is inserted
into a specified slot 22. The second linear portion 34a is
inserted into another particular slot 22 different from the
specified slot 22. The turn portion 33 extends from one
end face portion of a stator core 21 toward the outside
of the axial direction of the stator core 21 and connects
the first linear portion 34r and the second linear portion
34a. The linear portions 34r and 34a of the multiple seg-
ment coils 31 are inserted and placed in the slots 22 in
a layering manner from the inner periphery to the outer
periphery in the radial direction. A bent portion 37 is
formed between each of the linear portions 34r and 34a
and the turn portion of the segment coils 31 layered in
the radial direction. The bent portion 37 tilts the top por-
tion 33c of the turn portion 33 toward the end face of the
stator core 21.
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Description
Technical Field

[0001] The presentinvention relates to adynamo-elec-
trical machine, and more particularly to a dynamo-elec-
trical machine including a stator core having multiple slots
and a stator having multiple segment coils housed in the
slots of the stator core.

Background Art

[0002] Electric vehicles and hybrid vehicles use a dy-
namo-electrical machine to acquire the driving force. The
dynamo-electrical machine includes a stator core having
multiple slots and a stator having multiple copper seg-
ment coils housed in the slots of the stator core. The
dynamo-electrical machine equipped with such a stator
is described in Japanese Patent Application Laid-Open
No. 2017-189020 (PTL 1), for example.

[0003] The dynamo-electrical machine described in
PTL 1 includes a stator core having multiple axially ex-
tending slots on the inner peripheral surface, and a cop-
per segment coil inserted into the slot. The segment coil
protrudes axially from an end face portion of the stator
core. A parallel portion approximately parallel to the end
face portion of the stator core is formed on the top portion
of a bent-side portion (so-called turn portion) at the coil
end of the segment coil.

[0004] Based on the parallel portion as a boundary,
one intermediate slope portion is formed with a slope
containing one predetermined angle. The other interme-
diate slope portion is formed with a two-step slope con-
taining two different predetermined angles.

[0005] Thesegment coil according to this configuration
can provide the stator of a dynamo-electrical machine
that avoids mechanical interference between adjacent
coils and reduces the coil end length at the bent-side coil
end of the segment coil.

Citation List
Patent Literature

[0006] PTL 1:Japanese Patent Application Laid-Open
No. 2017-189020

Summary of Invention
Technical Problem

[0007] This type of dynamo-electrical machine in-
cludes a turn portion forming the bent-side coil end of the
segment coil protruding from the end face portion of the
stator core and a turn portion at the bent-side coil end of
the adjacent segment coil. When a spatial distance be-
tween these turn portions is small, the coil, supplied with
the current, generates heat that hardly dissipates into the
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cooling medium such as air or oil. The electrical resist-
ance of the coil may increase to degrade the performance
of the dynamo-electrical machine.

[0008] An available solution increases the spatial dis-
tance between the end face portion of the stator core and
the turn portion of the segment coil to increase a contact
area where the cooling medium contacts the turn portion.
However, there is an issue of increasing the height of the
turn portion, namely, the length of the bent-side coil end
to bottleneck the miniaturization. Therefore, there is a
need for a dynamo-electrical machine that can sufficient-
ly cool the bent-side coil end withoutincreasing the length
of the bent-side coil end.

[0009] Itis an object of the present invention to solve
the above-described issue in this type of the dynamo-
electrical machine.

[0010] Namely, an object of the present invention is to
provide a novel dynamo-electrical machine that can in-
hibit an increase in the length of a coil end positioned
toward a turn portion and improve the cooling perform-
ance around the turn portion of a segment coil.

Solution to Problem

[0011] As features of the present invention, a segment
coil includes afirst linear portion, a second linear portion,
and a turn portion including a top portion. The first linear
portion is inserted into a specified slot. The second linear
portion is inserted into another particular slot different
from the specified slot. The turn portion extends from one
end face portion of the stator core toward the outside of
the axial direction of the stator core and connects the first
linear portion and the second linear portion. The linear
portions of the multiple segment coils are inserted and
placed in the slots in a layering manner from the inner
periphery to the outer periphery in the radial direction. A
bent portion is formed between the linear portion and the
turn portion of each of the segment coils layered in the
radial direction. The bent portion tilts the top portion of
the turn portion toward the end face of the stator core.

Advantageous Effects of Invention

[0012] According to the presentinvention, the turn por-
tion extending from the end face portion of the stator core
is bent outward in a radial direction to form a sufficient
gap between the turn portions of each segment coil. A
cooling medium can easily enter the gap. An effective
contact area between the coil and the cooling medium
increases. The cooling performance can be improved.

Brief Description of Drawings
[0013]
Figure 1is a cross-section illustrating an axial cross-

section of a dynamo-electrical machine according to
the present invention.
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Figure 2 is a perspective view of a stator of the dy-
namo-electrical machine illustrated in Figure 1 diag-
onally viewed from above.

Figure 3 is a front view illustrating the shape of the
segment coil illustrated in Figure 2.

Figure 4 is a partially enlarged cross-section of an
end face portion of a stator core as a plane orthog-
onal to an axis line of the stator core illustrated in
Figure 2.

Figure 5 is an explanatory diagram illustrating the
placement of each segment coil inserted in a slot.
Figure 6 is an enlarged perspective view illustrating
the relationship between the shape of a turn portion
of the segment coil and the slot.

Figure 7 is an enlarged perspective view illustrating
the placement of a first coil group configuring the coil
illustrated in Figure 2.

Figure 8 is an enlarged perspective view illustrating
the placement of first and second coil groups con-
figuring the coil illustrated in Figure 2.

Figure 9 is an enlarged cross-section of one slot ac-
cording to a first embodiment of the present inven-
tion, viewed from a cross-sectional surface of the
stator core in the axial direction.

Figure 10 is an enlarged perspective view of the first
and second coil groupsillustrated in Figure 8, viewed
from a different viewpoint.

Figure 11 is an enlarged cross-section of one slot
according to a second embodiment of the present
invention, viewed from a cross-sectional surface of
the stator core in the axial direction.

Figure 12 is an explanatory diagram illustrating the
length of the turn portion of each of the segment coil
located toward the inner periphery and the segment
coil located toward the outer periphery.

Figure 13 is an explanatory diagram illustrating the
reason to be able to shorten the turn portion of the
segment coil located toward the outer periphery il-
lustrated in Figure 12.

Description of Embodiments

[0014] Embodiments of the present invention will be
described in further detail with reference to the accom-
panying drawings. However, the present invention is not
limited to the embodiments described below. The scope
of the present invention also includes various modifica-
tions and applications in the technological concept of the
present invention.

[0015] Figure 1 is a cross-section of a dynamo-electri-
cal machine 100 according to the present invention. The
dynamo-electrical machine 100 according to the present
embodiment is mounted on automobiles such as an elec-
tric vehicle having no internal combustion engine and a
hybrid vehicle having an internal combustion engine. The
dynamo-electrical machine 100 functions as an electric
motor to generate driving force and functions as an elec-
tricity generator to generate electricity when braking is
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applied to the automobile, for example. The generated
electric power is stored in a battery mounted on the au-
tomobile, for example.

[0016] The dynamo-electrical machine 100 mainly in-
cludes a rotor 10 and a stator 20. The rotor 10 and the
stator 20 are contained in a storage space formed by an
annular housing 14 having openings on both sides, and
afrontcover 15 and arear cover 16 to close the openings
on both sides of the housing 14. Bolts 17 secure the front
cover 15 and the rear cover 16 to the housing 14.
[0017] Therotor 10 includes a rotor core 11 and a drive
shaft 12, for example. The rotor core 11 is approximately
shaped to be cylindrical and is configured by layering
multiple plate-like magnetic steel sheets in the direction
of axis line L. The drive shaft 12 is secured inside the
center of the rotor core 11. Although not illustrated, the
rotor core 11 includes multiple magnet insertion holes
and multiple magnets (neodymium magnets or ferrite
magnets). The magnet insertion holes are provided at
equal intervals in the circumferential direction. The mag-
nets are inserted and secured in the magnet insertion
holes.

[0018] The drive shaft 12 is rotatably supported by two
bearings 13 located at both ends and is rotated integrally
with the rotor core 11 around axis line L of the rotor core
11. The bearing 13 is placed inside the front cover 15
and the rear cover 16. The bearing 13 toward the front
cover 15 is supported by a retainer 18 that is secured to
the front cover 15 by a bolt 19. The drive shaft 12 applies
a rotational force to a drive wheel (unshown) via a decel-
eration mechanism (unshown) and is given a rotational
force from the drive wheel.

[0019] The stator 20 includes an approximately annu-
lar stator core 21 and a coil 30, for example. The stator
core 21 is configured by layering multiple plate-like mag-
netic steel sheets along the direction of axis line L. The
coil 30 is wound around the stator core 21.

[0020] The rotor core 11 is rotatably placed inside the
stator core 21 while maintaining a small gap in radial
direction D2 of the stator core 21. Axis line L of the stator
core 21 coincides with axis line L of the rotor core 11.
The dynamo-electrical machine according to these con-
figurations is known well and further description is omit-
ted for brevity.

[0021] Figure 2 illustrates the stator 20 that is taken
out of the dynamo-electrical machine 100 illustrated in
Figure 1 and is viewed diagonally from above. In Figure
2, multiple slit-like slots 22 (see Figure 4) are provided
on the inner periphery of the annular stator core 21. The
slots 22 are equidistantly placed in circumferential direc-
tion D1 and radially extend outward in radial direction D2.
[0022] When viewed in the direction of axis line L of
the stator core 21, the slot 22 penetrates from one end
face portion 21a to the other end face portion 21b along
the direction of axis line L of the stator core 21. The inner
peripheral surface of the stator core 21 includes an open-
ing (slit) 22a that continues from one end face portion
21a to the other end face portion 21b in the direction of
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axis line L.

[0023] For example, the stator core 21 includes 48
slots 22 formed at equal angles in circumferential direc-
tion D1. Each slot 22 is provided with the coil 30. The
slots 22 are radially formed on the stator core 21 around
axis line L.

[0024] Asillustratedin Figure 2, the coil 30 of the stator
20 is composed of a first coil group 30A and a second
coil group 30B. The first coil group 30A is placed on the
inner periphery in radial direction D2 of the stator core
21. The second coil group 30B is placed on the outer
periphery of the first coil group 30A. The first coil group
30A and the second coil group 30B are aggregates of
copper segment coils 31A and 31B.

[0025] In the direction of axis line L of the stator core
21, coil ends 35A and 35B at one end of coil 30 are com-
posed of a turn portion 33 (see Figure 3) of the segment
coils 31A and 31B configuring the first coil group 30A and
the second coil group 30B. Coil ends 36A and 36B at the
other end of the coil 30 are composed of a connecting
portion 32 to connect the corresponding segment coils
31A and 31B of the same phase.

[0026] The turn portion 33 corresponds to the bent-
side coil ends 35A and 35B. The connecting portion 32
corresponds to the connection-side coil ends 36A and
36B. A slotinsertion portion 34 is provided therebetween
(see Figure 3). As illustrated in Figure 3, the slot insertion
portion 34 may also be denoted as a linear portion 34.
[0027] The connecting portion 32 successively con-
nects the segment coils 31A and 31B and connects the
adjacent connection-side coil ends 36A and 36B in each
coil group through the use of TIG welding. Namely, the
connecting portions 32 of the adjacent segment coils 31A
in the first coil group 30A are successively connected.
The connecting portions 32 of the adjacent segment coils
31B in the second coil group 30B are successively con-
nected. These configurations are also known well and
further description is omitted for brevity.

[0028] The bent-side coil end 35 protrudes from one
end face portion 21a of the stator core 21 in the direction
of axis line L of the stator core 21. The shape of the turn
portion 33 of segment coil 31 configuring the coil 30 is
important toimprove the cooling performance of the bent-
side coil end 35.

<Example 1>

[0029] Thedescription below explainsin detail the con-
figurations of the turn portion 33 of the segment coil 31
as a feature of the dynamo-electrical machine 100 ac-
cording to the present embodiment by reference to the
drawings.

[0030] Figure 3 illustrates the shape of the segment
coils 31A and 31B. The segment coils 31A and 31B are
formed in substantially the same shape. Therefore, the
configurations of the segment coils 31A and 31B will be
described together. However, when inserted into the slot
22, the segment coils 31A and 31B differ from each other
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in the turn portions 33 that are bent outward in the radial
direction. This will be explained in detail by reference to
Figure 9.

[0031] In Figure 3, the segment coil 31 includes a pair
of linear portions 34a and 34r placed in the slot 22. The
turn portion 33 is formed to connect one end of each of
the linear portions 34a and 34r. The other end of each
of the linear portions 34a and 34r is opened to form con-
necting portions 32a and 32r. Consequently, the bent-
side coil end 35 and the connection-side coil end 36 are
formed.

[0032] Atop portion 33cis formed approximately atthe
center of the turn portion 33. When the segment coil 31
is assembled in the stator core 21, the top portion 33c is
formed so that a row of the top portions 33c of the seg-
ment coils 31 assembled in the stator core 21 is parallel
to the core end face portion 21a.

[0033] One side of the top portion 33c is connected to
the linear portion 34a via an intermediate slope portion
33ba. The other side of the top portion 33c is connected
to the linear portion 34r via an intermediate slope portion
33br. When viewed in the radial direction, the turn portion
33 has an "inverted V" shape under the condition that
the segment coil 31 is placed in slot 22.

[0034] A connecting portion 33aa between the inter-
mediate slope portion 33ba and the linear portion 34a is
bent. A connecting portion 33ar between the intermediate
slope portion 33br and the linear portion 34r is bent. The
pair of linear portions 34a and 34r is connected via the
intermediate slope portion 33ba, the top portion 33c, and
the intermediate slope portion 33br. Therefore, the seg-
ment coil 31 is approximately formed in a "U" shape com-
posed of the pair of linear portions 34a and 34r and, the
turn portion 33 bent to connect the linear portions 34a
and 34r.

[0035] The pair of linear portions 34a and 34r is placed
in two slots 22 that are separated by a specified number
of pitches corresponding to the segment coil 31. In this
state, the linear portion 34a is located forward in the
clockwise direction. The linear portion 34r is located
backward in the clockwise direction.

[0036] As will be described later, the slot 22 holds the
linear portions 34a and 34r of the segment coils 31A and
31B forming the first coil group 30A and the second coil
group 30B in a layering manner in the radial direction.
Figure 4 illustrates a layered state that will be described
by reference to Figure 4.

[0037] In one slot 22, the linear portion 34r is placed
on an odd-numbered layer. The linear portion 34a is
placed on an even-numbered layer. According to the
present embodiment, the first layer is located closest to
the inner periphery of the slot 22. The second, third, and
fourth layers are located toward the outer periphery.
[0038] As illustrated in Figure 4, the coil 30 includes
the first coil group 30A and the second coil group 30B.
The first coil group 30A is placed toward the inner pe-
riphery in radial direction D2. The second coil group 30B
is placed toward the outer periphery of the first coil group
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30A. The embodiment of the present invention uses two
coil groups comprised of the first coil group 30A and the
second coil group 30B. Unquestionably, three or more
coil groups may be used as described in PTL 1.

[0039] From the viewpoint of inhibiting a decrease in
the space factor, the coil 30 is preferably composed of
segment coils 31A and 31B as rectangular wires whose
cross-sectional shape is rectangular. Unquestionably, it
is possible to use coils having a circular cross-section
depending on dynamo-electrical machine specifications.
The present embodiment uses the segment coils 31A
and 31B made of rectangular wires.

[0040] As illustrated in Figure 4, an insulator 40 made
of insulating paper, for example, is placed on the inner
peripheral wall surface of each slot 22 and surrounds the
segment coils 31A and 31B configuring the first coil group
30A and the second coil group 30B. The pair of linear
portions 34a and 34r of the segment coils 31A and 31B
is inserted and placed in the slot 22 to be layered in radial
direction D2. The slot 22 extends in the direction of axis
line L of the stator core 21.

[0041] Viewed in radial direction D2 of the stator core
21, the linear portion 34r located closest to the inner pe-
riphery of the slot 22 is assumed to be the first layer out
of the pair of linear portions 34a and 34r of the first seg-
ment coil 31A configuring the first coil group 30A. The
linear portion 34a of the second segment coil 31A con-
figuring the first coil group 30A is located outside the lin-
ear portion 34r in the first layer located closest to the
inner periphery. The linear portion 34ais located adjacent
to and outside the first layer in radial direction D2 of the
stator core 21 and is assumed to be the second layer.
[0042] The first segment coil 31A and the second seg-
ment coil 31A are equally shaped. The linear portions
34r and 34a of each segment coil 31A are separated by
a specified number of pitches and are placed in the mul-
tiple slots 22 circularly formed in the stator core 21. An
aggregation of these segment coils configures the first
coil group 30A.

[0043] Similarly, viewed in radial direction D2 of the
stator core 21, the linear portion 34r located outside the
second layer is assumed to be the third layer out of the
pair of linear portions 34a and 34r of the third segment
coil 31B configuring the second coil group 30B. The linear
portion 34a of the fourth segment coil 31B configuring
the second coil group 30B is assumed to be the fourth
layer adjacent to and outside the third layer in radial di-
rection D2 of the stator core 21.

[0044] The third segment coil 31B and the fourth seg-
ment coil 31B are also equally shaped. The linear por-
tions 34rand 34a of each segment coil 31B are separated
by a specified number of pitches and are placed in the
multiple slots 22 circularly formed in the stator core 21.
An aggregation of these segment coils configures the
second coil group 30B.

[0045] Thesegmentcoil 31Bis placed toward the outer
periphery and causes the length (line length) of the turn
portion 33 to be formed longer than that of the segment
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coil 31A placed toward the inner periphery.

[0046] According to the present embodiment, the lin-
ear portion 34r of the segment coils 31A and 31B is placed
on the odd-numbered layer. The linear portion 34a of the
segment coils 31A and 31B is placed on the even-num-
bered layer. As described above, the pair of linear por-
tions 34a and 34r of the respective segment coils 31A
and 31B is placed in the different slots 22 separated by
a specified number of pitches in circumferential direction
D1 of the stator core 21.

[0047] Figure 5 illustrates the positional relationship
between the segment coils 31A and 31B when the slot
22 is viewed in the radial direction from the inside to the
outside.

[0048] The slot 22 (region L) on the left illustrates the
segment coil 31A of the first coil group 30A by omitting
the segment coil 31B of the second coil group 39B. The
slot 22 (region R) on the right illustrates the segment coil
31B ofthe second coil group 30B by omitting the segment
coil 31A of the first coil group 30A.

[0049] As seen from the region (L), the linear portion
34r belongs to the first segment coil 31A that is located
closest to the inner periphery of the slot 22 and forms the
first layer. When viewed in the drawing, the linear portion
34r extends diagonally upward to the right toward the slot
22 located at a distance corresponding to a specified
number of pitches backward via the intermediate slope
portion 33br. The linear portion 34a belongs to the second
segment coil 31A forming the second layer adjacent to
the outer periphery in the radial direction of the first layer.
When viewed in the drawing, the linear portion 34a ex-
tends diagonally downward from the slot 22 located at a
distance corresponding to a specified number of pitches
forward via the intermediate slope portion 33ba.

[0050] Similarly, as seen from the region (R), the linear
portion 34r belongs to the third segment coil 31B that is
located toward the outer periphery of the second layer
of the slot 22 and forms the third layer. When viewed in
the drawing, the linear portion 34r extends diagonally up-
ward to the right toward the slot 22 located at a distance
corresponding to a specified number of pitches backward
via the intermediate slope portion 33br. The linear portion
34a belongs to the fourth segment coil 31B forming the
fourth layer adjacent to the outer periphery in the radial
direction of the third layer. When viewed in the drawing,
the linear portion 34a extends diagonally downward from
the slot 22 located at a distance corresponding to a spec-
ified number of pitches forward via the intermediate slope
portion 33ba.

[0051] Interms of the segment coils 31A and 31B, the
linear portion 34r on the odd-numbered layer in the slot
22 extends diagonally upward to the right in the drawing
toward the slot 22 located at a distance corresponding
to a specified number of pitches backward via the inter-
mediate slope portion 33br. The linear portion 34a on the
even-numbered layer extends diagonally downward in
the drawing from the slot 22 located at a distance corre-
sponding to a specified number of pitches forward via
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the intermediate slope portion 33ba.

[0052] Figure 6 illustrates a configuration of the turn
portion 33 under the condition that one segment coil 31
illustrated in Figure 4 is inserted in slot 22. The example
shows the segment coil 31B of the second coil group
30B. As described above, the cross-section of the seg-
ment coil 31B is shaped to be rectangular to increase the
space factor.

[0053] The segment coil 31B configuring the second
coil group 30B includes the turn portion 33 and the pair
of linear portions 34a and 34r. The turn portion 33 pro-
trudes from the slot 22 in the direction of axis line L of
the stator core 21. The linear portions 34a and 34r pass
through two specified slots 22. The dynamo-electrical
machine 100 according to the present embodiment is
characterized by the shape of the turn portion 33 of the
segment coil 31 wound around the slot 22 of the stator
core 21.

[0054] The open ends of the pair of linear portions 34a
and 34r of the segment coil 31B pass through the slots
22 in the direction of axis line L of the stator core 21 and
protrude outward in the direction of axis line L from the
end face portion 21b of the stator core 21 opposite to the
end face portion 21a. In the direction of axis line L, the
open end protrudes from the end face portion 21b of the
stator core 21 opposite to the turn portion 33 and is then
used as the connection-side coil end 36 that is succes-
sively connected by the connecting portion 32 as illus-
trated in Figure 2.

[0055] As illustrated in Figure 6, the turn portion 33 of
the segment coil 31B includes the top portion 33c. When
viewed in the direction of axis line L, the top portion 33¢c
is located farthest from the end face portion 21a of the
stator core 21 and is shaped like a "side" approximately
parallel to the end face portion 21a.

[0056] The turn portion 33 is connected to both ends
of the top portion 33c and includes a pair of intermediate
slope portions 33ba and 33br that extends diagonally
downward in the drawing to approach the end face por-
tion 21a of the stator core 21. The intermediate slope
portions 33ba and 33br are connected to the pair of linear
portions 34a and 34r via the connecting portions 33aa
and 33ar.

[0057] As described above, in terms of the segment
coil 31A of the first coil group 30A, the linear portion 34r
corresponds to the first layer and the linear portion 34a
corresponds to the second layer. Similarly, in terms of
the segment coil 31B of the second coil group 30B, the
linear portion 34r corresponds to the third layer and the
linear portion 34a corresponds to the fourth layer.
[0058] The intermediate slope portion 33br, the top
portion 33c, and the intermediate slope portion 33ba ex-
tend from the linear portion 34r (odd-numbered layer) to
the linear portion 34a (even-numbered layer) and thereby
tilt by one layer from the inner periphery to the outer pe-
riphery from a viewpoint orthogonal to the end face por-
tion 21a of the stator core 21.

[0059] As illustrated in Figure 6, the turn portion 33 is

10

15

20

25

30

35

40

45

50

55

curved in an "inverted V" shape as a whole including the
top portion 33c as an apex. The top portion 33c and the
intermediate slope portions 33ba and 33br configure the
turn portion 33. The turn portion 33 has a tilted shape or
is bent outward in the radial direction, beginning at the
bent portions 37a and 37r, to approach the end face por-
tion 21a so that the turn portion 33 is positioned outside
the stator core 21 in radial direction D2 based on the pair
of linear portions 34a and 33r.

[0060] Namely, the top portion 33c and the pair of in-
termediate slope portions 33ba and 33br configuring the
turn portion 33 are bent, beginning at the bent portions
37a and 37r, to provide a tilt that largely widens outward
in the radial direction corresponding to an approach to
the top portion 33c. Before being inserted into the slot
22, the segment coils 31A and 31B are preliminarily
formed into the abovementioned shape.

[0061] Accordingly, asdescribed above, from the view-
point orthogonal to the end face portion 21a of the stator
core 21, the top portion 33c and the pair of intermediate
slope portions 33ba and 33br configuring the turn portion
33 tilt by one layer from the inner periphery to the outer
periphery in radial direction D2 of the stator core 21.
Based on axis line L, the top portion 33c and the inter-
mediate slope portions 33ba and 33br tilt, beginning at
the bent portions 37a and 37r, to depart from axis line L
outward in the radial direction and approach the end face
portion 21a.

[0062] The segment coil 31 formed as above is insert-
ed and placed in each slot 22. Figure 7 eliminates the
second coil group 30B to easily understand the shape of
the segment coil 31 configuring the coil 30.

[0063] As illustrated in Figure 7, the pair of linear por-
tions 34a and 34r of each segment coil 31A in the first
coil group 30A is placed in a pair of slots 22 separated
at intervals of a specified number of pitches in circumfer-
ential direction D1 of the stator core 21. According to the
example illustrated in Figure 7, the pair of linear portions
34a and 34r of each segment coil 31A is placed in a pair
of slots 22 separated at intervals of six pitches. In terms
of the pair of linear portions 34a and 34r of each segment
coil 31A, the linear portion 34r is placed closest to the
inside of the stator core 21 in radial direction D2 com-
pared to the linear portion 34a (see Figure 4).

[0064] As described above, the pair of linear portions
34a and 34r of each segment coil 31 in the first coil group
30A is placed in a pair of slots 22 separated at intervals
of a specified number of pitches in circumferential direc-
tion D1 of the stator core 21. According to the present
embodiment, the 48 segment coils 31A are successively
placed in the 48 slots 22 of the stator core 21.

[0065] The connecting portion 32a and 32r succes-
sively connect the ends (connection-side coil ends) op-
posite to the turn portions 33 of the pair of linear portions
34a and 34r of each segment coil 31A placed in the slots
22. Thus, the multiple segment coils 31A configure the
first coil group 30A. Obviously, the second coil group 30B
is similarly configured.
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[0066] Figure 8 is a partially enlarged view of the first
coil group 30A and the second coil group 30B configuring
the coil 30 illustrated in Figure 2. Concerning some slots
22, the drawing omits the segment coils 31B in the fourth
layer located on the outermost periphery.

[0067] Asillustratedin Figure 8, the segment coils 31A
configure the first coil group 30A placed toward the inner
periphery of the slot 22. Compared to the turn portions
33 of the segment coils 31A, the turn portions 33 of the
segment coils 31B configuring the second coil group 30B
are placed outside the first coil group 30A in radial direc-
tion D2 of the stator core 21. Beginning at the bent por-
tions 37a and 37r, the segment coils 31A and 31B tilt to
expand outward in radial direction D2.

[0068] The first coil group 30A and the second coil
group 30B configure the coil 30 wound around the stator
20. "distributed winding of waved winding" is used to wind
the coil 30 around the slots 22 of the stator core 21. As
described above, there may be provided three or more
coil groups.

[0069] Based on Figure 9, the description below ex-
plains in detail the specific shape of the turn portion 33
that is characteristic of the present embodiment. Figure
9illustrates a cross-section of the slot 22 in Figure 4 taken
on a plane extending in the direction of axis line L and
the radial direction, providing cross-section surfaces of
the multiple segment coil 31. Parts related to the present
embodiment are described below.

[0070] Asillustratedin Figure 9, the segment coils 31A
and 31B are placed in the same slot 22 according to the
placement form illustrated in Figure 5. The linear portion
34r (first layer) of the first segment coil 31A in the first
coil group 30A is placed from the inner periphery toward
the outside in the radial direction. The linear portion 34a
(second layer) of the second segment coil 31A is placed
outside the first layer.

[0071] The linear portion 34r (third layer) of the third
segment coil 31B in the second coil group 30B is placed
outside the linear portion 34a (second layer) of the sec-
ond segment coil 31A. The linear portion 34a (fourth lay-
er) of the fourth segment coil 31B is arranged outside the
third layer.

[0072] Viewed from the drawing, the intermediate
slope portions 33br connect to the linear portions 34r in
the first and third layers and extend to protrude toward
the viewpoint against the drawing. Contrastingly, the in-
termediate slope portions 33ba connect to the linear por-
tions 34a of the second and fourth layers and extend
away from the viewpoint to connect to the linear portions
34ain the slot 22.

[0073] In Figure 9, the segment coil 31A to configure
the first coil group 30A includes the bent portion denoted
as bent portion 37rA corresponding to the linear portion
34r placed in the odd-numbered layer and includes the
bent portion denoted as bent portion 37aA corresponding
to the linear portion 34a placed in the even-numbered
layer. The segment coil 31B to configure the second coil
group 30B includes the bent portion denoted as bent por-
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tion 37rB corresponding to the linear portion 34r placed
in the odd-numbered layer and includes the bent portion
denoted as bent portion 37aB corresponding to the linear
portion 34a placed in the even-numbered layer.

[0074] In the same slot 22, the turn portion 33 to form
the bent-side coil end 35 has a tilted shape. Namely, the
linear portions 34a and 34r of the layered segment coils
31 are bent outward in radial direction D2 of the stator
core 21, beginning at the bent portions 37aA, 37rA, 37aB,
and 37rB, based on the direction of axis line L.

[0075] The top portion 33c and the pair of intermediate
slope portions 33ba and 33br configuring the turn portion
33 gradually tilt outward from axis line L beginning at the
bent portions 37aA, 37rA, 37aB, and 37rB. In this case,
the top portion 33c is located farthest from axis line L.
[0076] As illustrated in Figure 9, the first segment coil
31A configures the first layer of the first coil group 30A
placed toward the innermost periphery in radial direction
D2 of the slot 22. The linear portion 34r of the first seg-
ment coil 31A has a shape not to form the bent portion
37rA. Namely, the shape allows the linear portion 34r to
extend approximately parallel to axis line L and connect
with the intermediate slope portion 33br.

[0077] If necessary, it may be favorable to form the
bent portion 37rA on the linear portion 34r of the first
segment coil 31A that configures the first layer of the first
coil group 30A.

[0078] Inthe same slot 22, tilt angle 6 is formed on the
bent portions 37aA, 37rB, and 37aB of the linear portions
34a and 34r of the segment coils 31A and 31B layered
in radial direction D2. Tilt angle 6 increases in proportion
as the linear portions 34a and 34r of the segment coils
31A and 31B are located toward the outer periphery of
the slot 22 in radial direction D2. Tilt angle 6 signifies an
angle formed between axis line L of the stator core 21
and a line segment from the bent portion 37aA, 37rB, or
37aB to the top portion 33c of the turn portion 33.
[0079] As illustrated in Figure 9, the bent portion 37rA
of the linear portion 34r forming the first layer of the first
segment coil 31A is tilted at tilt angle 0 set to "6 = 0°,"
namely, parallel to the axis line L, as described above.
Adjacent to the first layer, the bent portion 37aA of the
linear portion 34a forming the second layer of the second
segment coil 31A is tilted at tilt angle 0 set to "0 = 61"
based on the first layer as a reference.

[0080] Similarly, adjacent to the second layer, the bent
portion 37rA of the linear portion 34r forming the third
layer of the third segment coil 31B is tilted at tilt angle 6
set to "0 = 02" based on the first layer as a reference.
Adjacent to the third layer, the bent portion 37aA of the
linear portion 34a forming the fourth layer of the fourth
segment coil 31B is tilted at tilt angle 6 set to "6 = 63"
based on the first layer as a reference.

[0081] The bent portion 37aA of the second layer has
tilt angle 61. The bent portion 37rB of the third layer has
tilt angle 62. The bent portion 37aB of the fourth layer
has angle 63. There is the relationship of "61 <62 < 63."
For example, the present embodiment specifies "01 =
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5°""62=7.5°"and "63 =10°." Tiltangles 6 are not limited
thereto and may be set to appropriate values.

[0082] Angle difference A6 among tilt angles 61, 62,
and 63 is set to be equal to "2.5 °," but may be set to be
unequal. Angle difference A6 may increase toward the
outside or the inside.

[0083] Thebentportion 37aA corresponds to the linear
portion 34a in the second layer. The bent portion 37rB
corresponds to the linear portion 34r in the third layer.
The bent portion 37aB corresponds to the linear portion
34a in the fourth layer. The bent portions 37aA, 37rB,
and 37aB are formed to approach the end face portion
21a of the stator core 21 toward the outer periphery of
the slot 22 in radial direction D2 when viewed in the di-
rection of axis line L. Similarly, the top portion 33c is also
formed to approach the end face portion 21a of the stator
core 21 as the turn portion 33 is located toward the outer
periphery in radial direction D2 of the slit 22 when viewed
in the direction of axis line L.

[0084] The resultant effect is to be able to shorten the
line length of the turn portion of the segment coil 31B
located toward the outer periphery. This will be described
by reference to Figures 12 and 13.

[0085] Figure 10 illustrates the first coil group 30A and
the second coil group 30B illustrated in Figure 8 from a
different viewpoint. As illustrated in Figure 10, the two
segment coils 31A and 31B are adjacent to each other
in circumferential direction D1 of the stator core 21. The
segment coils 31A and 31B face each other, including
gap G in radial direction D2 of the stator core 21 between
two top portions 33c adjacent to each other in circumfer-
ential direction D1. Gap G allows the cooling medium to
flow smoothly into the turn portion 33, efficiently cooling
the coil 30.

[0086] As described above, the dynamo-electrical ma-
chine 100 according to the present embodimentincludes
the stator core 21, the multiple slots 22 provided in the
stator core 21, and the segment coils 31Aand 31B placed
in the slot 22.

[0087] Asillustratedin Figure 3, the segment coils 31A
and 31B include a pair of linear portions 34a and 34r
placed in different slots 22 and the turn portion 33 con-
necting the pair of linear portions 34a and 34r. The turn
portion 33 includes a pair of intermediate slope portions
33ba and 33br connected to the linear portions 34a and
34r.

[0088] The bent portions 37a and 37r are provided be-
tween the turn portion 33 and each of the linear portions
34a and 34r. Tilt angle 6 of the bent portions 37a and 37r
increases toward the outer periphery of the slot 22 in
radial direction D2. As described above, the bent portion
37aA formed with the linear portion 34a in the second
layer has tilt angle 61. The bent portion 37rB formed with
the linear portion 34r in the third layer has tilt angle 62.
The bent portion 37aB formed with the linear portion 34a
in the fourth layer has angle 63. There is the relationship
of "01 <02 < 63."

[0089] The bent portions 37a and 37r are bent so that
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the turn portion 33 is tilted away from axis line L in pro-
portion as the segment coils 31A and 31B are located
toward the outer periphery in radial direction D2 of slot
22. Namely, the top portion 33c and the intermediate
slope portions 33ba and 33br are bent to approach the
end face portion 21a of the stator core 21 when viewed
in the direction of axis line L in proportion as the segment
coil 31 is located toward the outer periphery in radial di-
rection D2 of the slot 22.

[0090] The top portion 33C and the intermediate slope
portions 33ba and 33br form the turn portion 33 for each
of the two segment coils 31A and 31B configuring the
first coil group 30A and the second coil group 30B. It is
possible to enlarge a space among the top portion 33C
and the intermediate slope portions 33ba and 33br to-
ward the outside in radial direction D2.

[0091] Therefore, mechanical interference can be
avoided due to the sufficient gap between the turn por-
tions 33 adjacent to each other in stator direction D1 of
the stator core 21. Moreover, a cooling medium can easily
enter the gap. An effective contact area between the coil
and the cooling medium increases. The cooling perform-
ance can be improved.

[0092] Two top portions 33c adjacent to each other in
the originating direction D1 face each other, including
gap G inradial direction D2. A cooling medium can easily
enter gap G. A contact area between the coil 30 and the
cooling medium increases. The cooling performance can
be improved.

[0093] The segment coils 31A and 31B are adjacent
to each other in circumferential direction D1 of the stator
core 21. As illustrated in Figure 10, the segment coils
31A and 31B face each other, including gap G in radial
direction D2 of the stator core 21 between two top por-
tions 33c adjacent to each other in circumferential direc-
tion D1.

[0094] As described above, it is possible to more ef-
fectively and reliably avoid the mechanical interference
between the segment coils 31A and 31B adjacentto each
other in circumferential direction D1 of the stator core 21.
[0095] As described above, the dynamo-electrical ma-
chine 100 according to the present embodiment can
avoid the interference of the turn portion 33 of the bent-
side coil ends 35A and 35B and improve the cooling per-
formance without increasing the length of coil end 35.

<Example 2>

[0096] The description below explains a second em-
bodiment of the present invention. According to the first
embodiment, the bent portion 37aA formed with the linear
portion 34a in the second layer has tilt angle 61. The bent
portion 37rB formed with the linear portion 34rin the third
layer has tilt angle 62. The bent portion 37aB formed with
the linear portion 34a in the fourth layer has angle 63.
There is the relationship of "61 < 62 < 63."

[0097] According tothe second embodiment, similarly,
the bent portion 37aA formed with the linear portion 34a
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in the second layer has tilt angle 61. The bent portion
37rB formed with the linear portion 34r in the third layer
has tilt angle 62. The bent portion 37aB formed with the
linear portion 34a in the fourth layer has angle 63. How-
ever, there is the relationship of "01 = 62 = 03."

[0098] Asillustratedin Figure 11, the linear portion 34r
forming the first layer of the first segment coil 31A in-
cludes the bent portion 37rA whose tilt angle 0 is set to
"0 =0 °," namely, parallel to the axis line L, as described
above. Adjacent to the first layer, the linear portion 34a
forming the second layer of the second segment coil 31A
includes the bent portion 37aA whose tilt angle 0 is set
to "6 = 61" based on the first layer as a reference.
[0099] Similarly, adjacent to the second layer, the lin-
ear portion 34r forming the third layer of the third segment
coil 31B includes the bent portion 37rA whose tilt angle
0 is setto "0 = 62" based on the first layer as a reference.
Adjacent to the third layer, the linear portion 34a forming
the fourth layer of the fourth segment coil 31B includes
the bent portion 37aA whose tilt angle 6 is set to "6 = 63"
based on the first layer as a reference.

[0100] The bent portion 37aA of the second layer has
tilt angle 61. The bent portion 37rB of the third layer has
tilt angle 62. The bent portion 37aB of the fourth layer
has angle 63. There is the relationship of "61 = 62 = 63."
For example, the present embodiment specifies "61 = 62
=03=10°"

[0101] The turn portion 33 is tilted outward in the radial
direction even when tilt angles 6 are equal. It is possible
to ensure a large space that contains the segment coils
31A and 31B.

[0102] Therefore, mechanical interference can be
avoided due to the sufficient gap between the turn por-
tions 33 adjacent to each other in stator direction D1 of
the statorcore 21. Moreover, a cooling medium can easily
enter the gap. An effective contact area between the coll
and the cooling medium increases. The cooling perform-
ance can be improved.

[0103] Two top portions 33c adjacent to each other in
circumferential direction D1 face each other, including
gap G inradial direction D2. A cooling medium can easily
enter gap G. A contact area between the coil and the
cooling medium increases. The cooling performance can
be improved.

[0104] Similarly to the first embodiment, the two top
portions 33c adjacent to each other in circumferential di-
rection D1 face each other, including gap G in radial di-
rection D2 of the stator core 21. As described above, it
is possible to more effectively and reliably avoid the me-
chanical interference between the segment coils 31A and
31B adjacent to each other in circumferential direction
D1 of the stator core 21.

[0105] The description below explains line lengths of
the turn portions 33 of the segment coil 31A toward the
inner periphery and the segment coil 31B toward the out-
er periphery.

[0106] Figure 12 illustrates line lengths of the turn por-
tions 33 of the segment coil 31A located toward the inner
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periphery and the segment coil 31B located toward the
outer periphery. As seen from Figure 12, the segment
coil 31B is located toward the outer periphery corre-
sponding to a longer radius and causes the line length
to be longer than that of the segment coil 31A. The seg-
ment coil 31B accordingly increases coil resistance and
the amount of heat generation. The effect of only one
segment coil 31B is negligible. However, as many as n
segment coils 31B are connected in series to be used.
The coil resistance is multiplied n times, causing an
unignorable effect.

[0107] According tothe firstand second embodiments,
the segment coil 31A configuring the first coil group 30A
includes the bent portion 37rA formed as a bent portion
of the linear portion 34r placed in the odd-numbered layer
and the bent portion 37aA formed as a bent portion of
the linear portion 34a placed in the even-numbered layer.
The segment coil 31B configuring the second coil group
30B includes the bent portion 37rB formed as a bent por-
tion of the linear portion 34r placed in the odd-numbered
layer and the bent portion 37aB formed as a bent portion
of the linear portion 34a placed in the even-numbered
layer. Then, the following relationship applies.

[0108] Asillustratedin Figure 13, the linear portion 34a
in the second layer corresponds to the bent portion 37aA.
The linear portion 34r in the third layer corresponds to
the bent portion 37rB. The linear portion 34a in the fourth
layer corresponds to the bent portion 37aB. When viewed
in the direction of axis line L, the bent portions 37aA,
37rB, and 37aB are formed to approach the end face
portion 21a of the stator core 21 toward the outer periph-
ery of the slot 22 in radial direction D2.

[0109] There is length "S1" from a folding point of the
bent portion 37aA of the linear portion 34a in the second
layer to the end face portion 21a of the stator coil 21.
Thereislength "S2" from afolding point of the bent portion
37rB of the linear portion 34r in the third layer to the end
face portion 21a of the stator coil 21. There is length "S3"
from a folding point of the bent portion 37aB of the linear
portion 34ain the fourth layer to the end face portion 21a
of the stator coil 21. The lengths S1, S2, and S3 have
the relationship of "S3 < S2 < S1."

[0110] The resultis to shorten the length from the bent
portions 37aB and 37rB of the segment coil 31B located
toward the outer periphery to the end face portion 21a of
the stator coil 21. It is possible to shorten the line length
of the turn portion 33 of segment coil 31B located toward
the outer periphery. It is also possible to inhibit an in-
crease in coil resistance and the amount of heat gener-
ation. The present embodiment specifies positions to
form the bent portions 37rA, 37aA, 37rB, and 37aB so
that the segment coil 31A toward the inner periphery and
the segment coil 31B toward the outer periphery include
the respective turn portions 33 configured to maintain
approximately the same length.

[0111] Asdescribedabove, the segment coil according
to the present invention is configured to include a first
linear portion, a second linear portion, and a turn portion.
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The first linear portion is inserted into a specified slot.
The second linear portion is inserted into another partic-
ular slot different from the specified slot. The turn portion
extends from one end face portion of the stator core to-
ward the outside of the axial direction of the stator core
and includes a top portion connecting the first linear por-
tion and the second linear portion. The linear portions of
the multiple segment coils are inserted and placed in the
slots in a layering manner from the inner periphery to the
outer periphery in the radial direction. A bent portion is
formed between the linear portion and the turn portion of
each of the segment coils layered in the radial direction.
The bent portion tilts the top portion of the turn portion
toward the end face of the stator core.

[0112] The turn portion extending from the end face
portion of the stator core is bent outward in the radial
direction. Consequently, a sufficient gap is formed be-
tween the turn portions of the segment coils. A cooling
medium can easily enter the gap. An effective contact
area between the coil and the cooling medium increases.
The cooling performance can be improved for these rea-
sons.

[0113] The present invention is not limited to the
abovementioned embodiments and includes various
modifications. For example, the embodiments are de-
scribed in detail to explain the present invention in an
easy-to-understand fashion. The present invention is not
necessarily limited to all the configurations described
above. It is possible to replace part of the configuration
of one embodiment with the configuration of another em-
bodiment. The configuration of one embodiment can ad-
ditionally include the configuration of other embodiments.
Further, part of the configuration of each embodiment
can be subject to the addition, deletion, or replacement
of other configurations.

Reference Signs List

[0114]

21 stator core

22 slot

30 coll

30A first coil group

30B second coil group

31A segment coll

31B segment coll

33 turn portion

33aa  connecting portion

33ar connecting portion

33ba intermediate slope portion
33br intermediate slope portion
33c top portion

34a linear portion

34r linear portion

37aA  bent portion

37rA bent portion

37aB  bent portion
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10

37rB bent portion

100 dynamo-electrical machine
D1 circumferential direction
D2 radial direction

G gap

L axis line

Claims

1. A dynamo-electrical machine comprising a stator in-
cluding a stator core having a plurality of slots and
a plurality of segment coils placed in the slots of the
stator core,

wherein the segment coil includes a first linear
portion inserted into a specified slot, a second
linear portion inserted into another particular slot
different from the specified slot, and a turn por-
tion, including a top portion, that extends from
one end face portion of the stator core toward
the outside of an axial direction of the stator core
and is bent to connect the first linear portion and
the second linear portion;

wherein the linear portions of a plurality of the
segment coils are inserted and placed in the
slots in a layering manner from an inner periph-
erytoanouterperipheryin aradial direction; and
wherein a bent portion is formed between the
linear portion and the turn portion of each of the
segment coils layered in a radial direction and
tilts the turn portion in a direction in which the
top portion of the turn portion approaches the
end face of the stator core.

2. Thedynamo-electrical machine according to claim 1

wherein the turn portion of each of the segment coils
increases a tilt in proportion as the segment coil is
located toward the outer periphery of the slot.

3. Thedynamo-electrical machine accordingtoclaim 1,

wherein the turn portions of the segment coils are
equally tilted regardless of positions of the segment
coils in the slot.

4. The dynamo-electrical machine according to claim

2o0r3,

wherein a plurality of the segment coils form at
least a first coil group located toward an inner
periphery of the stator core and a second coil
group located toward the outer periphery of the
first coil group; and

wherein a line length of the turn portion of the
segment coil in the first coil group is approxi-
mately equal to a line length of the turn portion
of the segment coil in the second coil group.
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The dynamo-electrical machine according to claim 4,
wherein a position of the bent portion, as a starting
point to tilt the turn portion, approaches the end face
portion of the stator core in proportion as the segment
coil is located toward the outer periphery of the slot.

The dynamo-electrical machine according to claim
2o0r3,

wherein a plurality of the segment coils form at
least a first coil group located toward an inner
periphery of the stator core and a second coil
group located toward the outer periphery of the
first coil group;

wherein the turn portion of the segment coil is
formed with the top portion between intermedi-
ate slope portions connecting the first linear por-
tion and the second linear portion; and
wherein the segment coils to form the first coil
group and the second coil group allow the two
adjacent turn portions to face each other, includ-
ing a gap between the two adjacent top portions
in a radial direction of the stator core.

A dynamo-electrical machine comprising a stator in-
cluding a stator core having a plurality of slots and
a plurality of segment coils placed in the slots of the
stator core,

wherein the segment coil includes a first linear
portion inserted into a first slot, a second linear
portion inserted into a second slot different from
the first slot, and a turn portion, including a top
portion, that is bent to connect the first linear
portion and the second linear portion;

wherein a plurality of the segment coils form at
least a first coil group located toward an inner
periphery of the stator core and a second coil
group located toward an outer periphery of the
first coil group;

wherein, in the first slot and the second slot, the
first linear portion of the segment coil forming
the first coil group is placed as a firstlayer toward
the innermost periphery of the first slot and the
second slot, and the second linear portion of the
segment coil forming the first coil group is placed
as a second layer at an outer periphery of the
first layer in the first slot and the second slot;
wherein, in the first slot and the second slot, the
first linear portion of the segment coil forming
the second coil group is placed as a third layer
at an outer periphery of the second layer in the
first slot and the second slot, and the second
linear portion of the segment coil forming the
second coil group is placed as a fourth layer at
an outer periphery of the third layer in the first
slot and the second slot; and

wherein a bent portion is formed between the
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1"

linear portion and the turn portion extending from
the linear portion from the second layer to the
fourth layer, and the bent portion is bent so that
a line segment leading to the top portion tilts
beginning at the bent portion as a starting point
outward in a radial direction and in a direction
away from the axis line of the stator core.

8. Thedynamo-electrical machine accordingtoclaim7,

wherein tilt angle 6 signifies an angle formed
between a line segment from the bent portion
as a starting point leading to the top portion of
the turn portion and an axis line of the stator core;
wherein a line segment leading to the top portion
of the second layer tilts at tilt angle 61, a line
segment leading to the top portion of the third
layer tilts at tilt angle 62, and a line segment
leading to the top portion of the fourth layer tilts
at tilt angle 63; and

wherein the inclination angles 61, 62, and 63
maintain a relationship of 61 <62 < 63.

9. Thedynamo-electrical machine accordingtoclaim7,

wherein tilt angle 6 signifies an angle formed
between a line segment from the bent portion
as a starting point leading to the top portion of
the turn portion and an axis line of the stator core;
wherein a line segment leading to the top portion
of the second layer tilts at tilt angle 61, a line
segment leading to the top portion of the third
layer tilts at tilt angle 62, and a line segment
leading to the top portion of the fourth layer tilts
at tilt angle 63; and

wherein the inclination angles 61, 62, and 63
maintain a relationship of 61 = 62 = 63.

10. The dynamo-electrical machine according to claim

8or9,

wherein the bent portions as starting points to tilt the
turn portion are positioned to approach the end face
portion of the stator core in proportion as the segment
coil is located toward the outer periphery of the slot.
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